it is believed to have a major role in signaling pathways (3) . Hypermethylation of the promoter region of the COL15A1 gene was reported in patients with clear cell renal cell carcinoma (CCRCC) (4) but COL15A1 gene has not been previously studied in patients with papillary renal cell carcinoma (PRCC) and chromophobe renal cell carcinoma (CRCC).
Kidney cancer is the thirteenth most common cancer worldwide and tenth most common cancer in Europe. According to the World Health Organization data, 271,000 new cases were identified globally in 2008. Although the incidence of kidney cancer stabilized in recent years and even declined in some European countries, metastasis occurs in 20% to 30% of diagnosed patients. Kidney cancers remain life-threatening since patients with kidney cancers experience relapse and metastasis following nephrectomy. Genetic and molecular studies contribute to the understanding of tumor pathogenesis and may also be used for determination of the tumor type. Additionally, such studies would serve as a guide for developing individualized and targeted therapies. Renal cell carcinoma (RCC) is the most common malignant kidney tumor and has 3 major subtypes including CCRCC which has the highest incidence and PRCC and CRCC. These subtypes differ in their histological, morphological and genetic characteristics ally as well as clinical course (5).
In one study, it was concluded that hypermethylation of the promoter region of GREM1 gene as shown in patients with CCRCC may have an impact on the development of this type of cancer and angiogenesis (1). Another study has also demonstrated deoxyribonucleic acid (DNA) hypermethylation in PRCC (6) . However, no study was identified in literature on GREM1 in PRCC and CRCC. Hypermethylation of the promoter region of the COL15A1 gene was reported in patients with CCRCC (4) but COL15A1 gene has not been previously studied in patients with PRCC and CRCC.
In the present study, we aimed to investigate GREM1 and COL15A1 expressions in PRCC and CRCC immunohistochemically in order to assess the relationship between these markers and studied tumors and explore the association of GREM1 with angiogenesis, age, tumor necrosis and tumor diameter by looking at the microvascular density (MVD) through the expression of COL15A1 in the vascular endothelium.
Material and Methods
Digital archives of Gaziantep University Faculty of Medicine, Department of Pathology were screened and 59 cases of neprectomy were identified in patients diagnosed with CRCC and PRCC between 2002 and 2011. Paraffin-embedded blocks were retrieved from the block archive in order to prepare 4 micron thick sections of tissue (one from tumor tissue and one from normal kidney parenchyma) for each patient and GREM1 and COL15A1 antibodies were studied using an immunohistochemical method.
Gremlin 1 (GREM1 polyclonal antibody PAB 14845, Abnova Corp.) and COL15A1 (polyclonal antibody NBP1-91087, Novus Biologicals) antibodies were studied with Leica Bond Max (Leica Biosystems) using a Bond Polymer Refine Detection kit. Preparations obtained were examined by 2 pathologists under light microscope. Normal tissue staining pattern was compared with tumor tissue staining pattern.
Gremlin 1 staining and its interpretation
Areas of cytoplasmic staining with GREM1 were examined both in the tumor tissue and normal kidney tissue of each patient under light microscope. Cytoplasmic staining observed in the renal tubular epithelium of the normal tissue was considered positive. Based on the pattern of staining, no staining was assigned a score of 0, weak and diffuse staining was assigned score 1 positive and diffuse and strong staining was assigned score 2 positive. For convenience in statistical analysis, score 1 and 2 were combined in a single parameter to indicate "staining present (positive)" and score 0 indicated "staining absent (negative)".
Collagen type XV alpha-1 staining and its interpretation
Areas of cytoplasmic staining with COL15A1 in tumor cells were examined in tumor tissues. Based on the pattern of staining, no staining was assigned a score of 0, weak and diffuse staining was assigned score 1 positive and diffuse and strong staining was assigned score 2 positive. For convenience in statistical analysis, score 1 and 2 were combined in a single parameter to indicate "staining present (positive)" and score 0 indicated "staining absent (negative)".
Microvascular density
Considering that COL15A1 also serves as an endothelial marker, microvessels stained with COL15A1 were counted under light microscopy at a magnification of x 400 in 5 fields with a clear view of the lumen in randomly selected tumor tissues and normal tissues (7) .
Statistical analysis
For statistical analyses, Fischer exact test and Mann-Whitney U test were used to conduct appropriate comparisons between tumor groups. SPSS for Windows software was used for statistical analyses. For comparisons, a p value less than 0.05 was considered statistically significant.
General findings
RCC cases included 20 PRCC and 39 CRCC cases. The mean age was 56.5 years in PRCC patients and 54.15 years in CRCC patients. The mean tumor size was 6.34 cm for PRCC and 8.24 for CRCC.
Immunohistochemical findings
GREM1 and COL15A1 markers were studied in 59 RCC patients using immunohistochemical methodology. Associations of these markers with the type and diameter of tumor, age, sex, MVD and tumor necrosis were evaluated.
Cytoplasmic staining of tumor tissues with GREM1 was assessed in the two tumor groups separately (Figure 1 ). Staining was negative in 80% (score 0) and positive in 20% of PRCC cases (Images 1, 2).
Among CRCC cases, staining was absent in 20.5% and positive staining was found in 69.2% (score 1) and 10.3% (score 2) (Table 1 and Images 3, 4).
When cytoplasmic GREM1 staining of the tubular epithelial cytoplasm was evaluated separately in the healthy kidney tissues of the two tumor groups, no staining was detected in 35% of PRCC patients and positive staining was found in 60% (score 1) and 5% (score 2). For CRCC patients, staining was absent in 7.7% and positive staining was observed in 79.5% (score 1) and 12.8% (score 2) (Image 5, Table 2 ).
In PRCC, cytoplasmic GREM1 staining was statistically nonsignificant between tumor tissue versus normal tissue (p=0.249).
In CRCC, cytoplasmic positive staining with GREM1 was statistically significant for tumor tissue in comparison to normal tissue (p=0.006).
Analysis of the relationship between GREM1 expression and sex did not reveal a statistically significant difference between Kara et Image 3. Cytoplasmic expression of Gremlin 1 in chromophobe renal cell carcinoma (score 1) x400 males (n=6) and females (n=13) among CRCC patients.
GREM1 expression did not differ statistically significantly with respect to necrosis in CRCC patients (necrosis present: 13 patients, necrosis absent: 13 patients). Tumor diameter did not show a statistically significant association with GREM1 expression among CRCC patients (Table 3) .
Evaluation of the cytoplasmic staining with COL15A1 in the tumor tissues of two tumor groups separately showed negative staining in 70% of PRCC patients and score 1 positive staining in 30% of patients (Images 6, 7). Negative staining with COL15A1 was observed in 97.4% of CRCC patients and positive staining in 2.6% (Image 8). Higher rate of staining observed in PRCC was statistically significant (p=0.0059) ( Table 4) .
No significant association was found between COL15A1 expression and age, sex, presence of tumor necrosis or tumor diameter in PRCC patients (Table 5) .
Analysis of the association of tumor COL15A1 expression and sex did not show a statistically significant difference between males (n=15) and females (n=5) among PRCC patients. Tumor Taking into account the fact that COL15A1 serves as an endothelial marker, the relationship between numerical values of microvascular structures (MVD) stained with COL15A1 and the pattern of cytoplasmic staining with GREM1 was compared between two tumor groups and found significant for PRCC (p=0.007) but non-significant for CRCC (p=0.147). Based on these results, a positive significant correlation was found between GREM1 and angiogenesis in PRCC but not in CRCC (Image 9).
Tumor necrosis was observed microscopically in 45% in PRCC patients and in 33% of CRCC patients. Combined analysis of both tumor groups with respect to the tumor diameter and 
Discussion
Approximately 271,000 cases of kidney cancer were identified worldwide in 2008 with 116.000 people dying as a result of kidney cancer. RCC originating from renal parenchyma accounts for the majority of kidney cancers. Kidney cancers represent 2% of all adult malignancies. Among patients with kidney cancers, males are more commonly affected than females with a male to female ratio of 3:2 (8). In our study, the percentage of male patients was higher with a male to female ratio of 2.28.
The incidence of RCC peaks in the sixth decade of life and 80% of cases occur between the ages of 40 and 69 (9) . Consistent with literature, the mean age of our patients was 54.9 years.
The mean tumor diameter is 6.4 cm in PRCC patients (10) . In our study, the mean tumor diameter was 6.34 cm in PRCC patients, which was consistent with literature.
Intratumoral necrosis may be found in 32-75% of RCC patients (10) . Tumor necrosis was observed microscopically in 45% of PRCC patients in our study.
The mean tumor diameter is 9 cm in CRCC patients (10). Our PRCC patients had a mean tumor diameter of 8.2 cm. Tumor necrosis is found in one-third of CRCC patients (10) . Tumor necrosis was observed microscopically in 33% of CRCC patients in our study.
Both genetic and epigenetic factors are known to play a role in renal carcinogenesis. Epigenetics are defined as changes in a gene's function that are inherited by meiotic or mitotic division without alterations in the DNA sequence (11) .
Recent studies have demonstrated upregulation of GREM 1 in a variety of human cancers (12) (13) (14) (15) . In the present study, GREM1 expression did not differ statistically significantly between tumor tissue and neighboring intact tissue in PRCC patients but tumor tissue showed significantly higher GREM1 expression in CRCC patients (p=0.006). The percentage of tumor staining was 20% in PRCC patients versus 79.5% in CRCC patients. These findings suggest that GREM1 may have a prominent role as a tumor suppressor gene in the development of CRCC. Detailed genetic studies are needed to draw more definite conclusions on the putative role of GREM1 in CRCC tumorigenesis. We suggest that differential results obtained from the two tumor types examined in the present study might be explained by different genetic pathways involved in the development of these tumors.
In our study, COL15A1 expression was observed in the vascular structures and basement membranes of tumor tissues and neighboring intact tissues in both tumor groups. Additionally, cytoplasmic staining of tumor zones was detected in 30% of PRCC patients and 2.6% of CRCC patients. This percentage was statistically significant in PRCC (p=0.0059). Since hypermethylation of the promoter region of the COL15A1 gene was previously reported in CCRCC patients (4,5) concurrent genetic studies have to be conducted in order to determine whether cytoplasmic staining is related to hypermethylation. To our best knowledge, there are no immunohistochemical studies in literature that examined COL15A1 in any tumor tissue. Thus, our study is the first to report relevant findings on this issue.
GREM1 is a novel proangiogenic factor as demonstrated by several studies (2, 7) . In a study by Chen et al. (7) on tumorrelated angiogenesis, expression of GREM1 was shown to be correlated with increased angiogenesis in patients with pancreatic neuroendocrine tumors. In a study by Chen et al. (7) it was argued that GREM1 might be used as a prognostic marker in pancreatic neuroendocrine tumors which was based on the positive correlation observed between increased MVD and GREM1 expression. On the other hand, Van Vlodrop et al. (1) reported that methylation of the promoter region of Gremlin was associated with higher tumor grade, higher tumor stage, reduced MVD and shorter survival time in patients with CCRCC. Karagiannis et al. (16) showed that GREM1 promotes the loss of cancer cell differentiation at the cancer invasion front, a mechanism that may facilitate tumor progression. Yan et al. (17) reported that Gremlin1-overexpressing cells display increased growth and tumor formation abilities. In our study, the association between GREM1 expression and angiogenesis was examined in tumor tissues using numerical values of microvascular structures (MVD) stained with COL15A1 taking into account the fact that COL15A1 serves as an endothelial marker. In PRCC patients, the number of microvascular structures showed a positive, significant association with GREM1 expression in the tumor tissue (p=0.007). Increased number of microvascular structures associated with GREM1 expression as observed in the current study suggested that GREM1 might be involved in increased angiogenesis in PRCC. For CRCC, a statistically significant association was not found between aforementioned parameters.
Increased angiogenesis is a characteristic feature of CCRCC. These tumors have the worst prognosis among all RCC cases. Given the fact that PRCC tumors are associated with a worse prognosis than CRCC tumors, it was suggested that a marker associated with increased angiogenesis in PRCC might serve as an indicator of poor prognosis. The association of GREM1 and COL15A1 markers with poor prognosis in RCC should be explored in future studies.
Conclusion
Cytoplasmic staining with GREM1 detected in both tumor groups, albeit at different rates, and much higher expression of this marker particularly in the tubular epithelium of the neighboring intact tissue support the hypothesis that GREM1 might be a tumor suppressor gene as suggested by literature data.
Significant relationship between the microvascular distribution pattern and GREM1 observed in PRCC patients suggest that GREM1 implicated in tumor angiogenesis might act as a proangiogenic factor in these tumors as well, in parallel with literature data.
We believe that the significant pattern of cytoplasmic staining in tumor tissues observed with COL15A1 particularly in PRCC cases in our study is of interest and this finding should be confirmed with additional studies.
It is our belief that genetic studies simultaneously conducted with immunohistochemical studies would provide more definite results on tumorigenesis in PRCC and CRCC and eventually contribute to the development of new diagnostic and therapeutic approaches by elucidating the underlying mechanism of these tumors.
